To establish the identity and quality of safflower petals used as herbal tea, four spiny and non-spiny cultivars (APRR3, TSF-1, NARI-NH-01, and NARI-06) were analyzed for various pharmacognostic characters, toxic metals (As, Pb, Hg, Cr, Cd by atomic absorption spectroscopy), pesticide residue (GC-ECD/PFPD), and flavonoid constituents, like quercetin, quercetin-3-O-rutinoside, and kaempferol, by high performance thin layer chromatography. Arsenic and lead were found to be absent in the decoction of all varieties. Although mercury and chromium were detected in standard acceptable levels, cadmium was exceeding the limit except in APRR3 (0.3 mg/kg). While none of the samples contained pesticide residue and saponins, presence of tannins (19-25%), bitterness principle (1257-2200 units/g), mucilaginous substances (0.93-2.83 mL/g), and volatile matter (4-16%) were observed and estimated in all varieties. Microscopic examination of NARI-06 and APRR3 petals explored similar features having slightly thick cylindrical style with dense spikes and corolla tube with five slightly thick ridges possessing ribbon like outgrowths. High performance thin layer chromatography analysis revealed APRR3 to possess higher amount of quercetin (116.6 ng/g), quercetin-3-O-rutinoside (189.7 ng/g), and kaempferol (185.07 ng/g). Thus, the spiny APRR3 safflower petals encompassing anti-oxidative flavonoids and complying heavy metals test, was identified as a safe variety for human consumption.
INTRODUCTION
Selectivity of a medicinal plant material is very crucial to attain the prescribed ethno-medicinal uses. Consumption of medicinal herbs in the form of tea is becoming a common practice in many countries, however, much importance is not given to the selectivity of particular species or variety and their chemical constituents. Identity of crude herbal drugs can be well established through their pharmacognostical and phytochemical characterization. This in turn helps in ensuring the purity and quality of crude drug sample. Several herbs are in general use without any surefire assertion for quality and identity, raising ambiguity on recommended medical cure. One such drug recognized for the study was Carthamus tinctorius (Family: Asteraceae), commonly known as "safflower."
C. tinctorius is a branching and flowering herbaceous annual plant possessing numerous spines on leaves and bracts. It produces several flowering heads commonly called capitula. Each capitulum has several flowers ranging from 20-250 interspersed with hairs or bristles. These flowers are enclosed by bracts in circular order, attached to a flat or convex receptacle. Each flower is composed of petals that are attached to a corolla tube which in turn is attached at its base to an inferior ovary. The corolla tube is attached with five fused anthers and surrounded the style and stigma. [1] Safflower is a common adulterant for "saffron," detection of which in commercial saffron is an important aspect of quality assessment. [2] Safflower is mainly grown as an oilseed crop with their flowers used medicinally and as dye sources as well. Besides its coloring properties, safflower petals are used for curing various chronic diseases like hypertension, coronary heart ailments, rheumatism, and fertility problems. [3 , 4] In few countries like China, safflower is grown solely for its flowers, which are used in treatment of many illnesses in the form of tea. [5] Recent pharmacological studies have proved the excitation effects on smooth muscles, contraction effect on blood vessels, [6] lowering cholesterol levels, [7] analgesic, [8] anti-inflammatory, [9] and antidiabetic effects [10] exhibited by safflower flowers. Some of the chemical constituents reported from the flowers of C. tinctorius include carthamine, carthamidine, quercetin, kaempferol, safflower yellow, safflamin A, safflomin A, carthamosides, flavonoid glycosides, dye, etc. [11] The bright yellowish orange petals of safflower are popularly used as herbal tea for the treatment of cardiovascular, cerebrovascular, and gynecological diseases. [12] Different varieties and hybrids of C. tinctorius (Family: Asteraceae) are cultivated throughout the world [5] and are presumed to be same by the public, although they differ definitely in quality and chemical constituents. The current attempts to corroborate the physico-chemical, histological, and secondary metabolic variation among four spiny and non-spiny Indian cultivars through various quantitative determinations are discussed in this article. The extent of three bio-active flavonoids quercetin, quercetin-3-O-rutinoside, and kaempferol present in the florets of four different cultivars had also been determined using high performance thin layer chromatography (HPTLC).
MATERIALS AND METHODS

Plant Material
Safflower petals of two spiny varieties [TSF-1 and Sagaramutyalu (APRR3)], a non-spiny hybrid [NARI-NH-01], and a non-spiny variety [NARI-06] were collected from farmer's cultivation land near Ranga Reddy District, Telangana State, India and preserved at 4°C until the completion of the study.
Chemicals and Reagents
The solvents used were of HPLC grade and other reagents were of AR grade. Saponin R was procured from Loba Chemie Pvt. Ltd., Mumbai, India. All standard pesticides were procured from PC Cell and Dr. Ehrensortfer GmbH (Augsburg, Germany). Until unless specified, all the chemicals and reagents were purchased from Sigma-Aldrich Chemicals Pvt. Ltd., Bangalore, India. High purity water was obtained from Milli-Q water system (Millipore, Billerica, MA, USA) and the resistivity was 18.2 MΏ at 25°C.
Instruments and Conditions
Arsenic and heavy metals analysis was done using Perkin Elmer-AA Analyst 700 atomic absorption spectrophotometer (AAS) with flame and mercury hydride system. Pesticide residue was determined using Shimadzu GC-2010 capillary gas chromatograph with electron capture detector (ECD) and phosphorus mode flame photometric detector (PFPD). HPTLC analysis was performed using CAMAG, TLC Scanner III system operated by WIN CATS software (V 143 CAMAG).
Quantitative Pharmacognostic Studies
Determination of ash value, extractable matter, loss on drying, volatile oils, bitterness value, hemolytic activity, tannins content, swelling index, foaming index were carried out by following WHO guidelines. [13] Wherever required, decoction or aqueous extract of safflower petals was used. It was prepared by boiling safflower petals (500 g) with water (3 × 600 mL) for 30 min and the decoction was filtered through muslin cloth. The filtrate was collected and evaporated under reduced pressure to yield dry residue.
Determination of Arsenic and Heavy Metals Using AAS
The procedure for sample preparation as recommended in WHO guidelines [13] was followed for determining arsenic, cadmium, chromium, lead, and mercury. Standard instrumental parameters for each metal were set in AAS during the analysis. Calculations were done by standard addition methods using reference solutions of each metal.
Determination of Pesticide Residue
The sample for pesticide analysis was also prepared according to WHO guidelines. [13] The separation was performed on HP-5 quartz capillary column (30 m × 0.25 mm, I.D. 0.25 µm) at a nitrogen flow rate of 1 mL min -1 in a constant flow mode, using an oven temperature program for 95 min from 150 to 280°C at a rate of 10°C min -1 . The injection inlet was set at 260°C, ECD at 330°C and makeup at 50 mL min -1 . Injection volume of 1 µL was used with split ratio of 5.0. Standard work solutions were prepared at a concentration of 0.1 µg mL -1 . The standard mixture and all concentrated sample fraction were injected into GC-ECD/PFPD to determine the peak area recovered in each fraction.
Microscopic Study
Fresh safflower petals removed from the plant were fixed in FAA (Formalin [5 mL] + Acetic acid [5 mL] + 70 % ethyl alcohol [90 mL]). After 24 h of fixing, the specimen was dehydrated with graded series of tertiary butyl alcohol as per the established procedure by Sass. [14] Infiltration of the specimens was carried by gradual addition of paraffin wax (m.p. 58-60°C) until tertiary butyl alcohol solution attained super saturation. The specimens were cast into paraffin blocks. The paraffin embedded specimens were sectioned with the help of a rotary microtome. The thickness of the sections was 10-12 prn. De-waxing of the sections was by customary procedure. The sections were stained with Toluidine blue as per the method published by O'Brien et al. [15] Microscopic descriptions of tissues are supplemented with micrographs wherever necessary. Photographs of different magnifications were taken with a Nikon Labphoto 2 microscopic unit. For normal observations bright field was used. Magnifications of the figures are indicated by the scale-bars.
HPTLC Quantification of Flavonoids
HPTLC was carried out on 10 × 10 cm HPTLC plates pre-coated with silica gel 60 F 254 (Merck, Darmstadt, Germany) and the plates were washed using methanol before use. The sample and standard solutions were applied as bands of 6 mm wide and 10 mm apart using Automatic TLC Sampler 4 applicator (Muttenz, Switzerland) fitted with a 25 µL Hamilton syringe supplied with a nitrogen flow. A constant application of 6 μL s -1 was used. A saturated mixture of toluene: ethyl acetate: methanol: formic acid (3:1:1:0.1 v/v/v/v) was used as mobile phase and chromatography was performed using 10 mL of mobile phase in a 10 × 10 cm twin trough glass chamber by linear ascending development with a chromatographic run length of 8.5 cm. The optimized chamber saturation time for mobile phase was 20 min at room temperature. Subsequent to the development, the plates were dried in a current of air with the help of a dryer in wooden chamber with adequate ventilation. Densitometric scanning was done with Camag TLC scanner III in the absorbancereflectance mode at 350 nm with a slit dimension of 5.0 mm × 0.45 mm and a scanning speed of 20 mm/sec. The instrument was operated by WIN CATS software (V 143 CAMAG) resident in the system. The source of radiation utilized was deuterium lamp emitting a continuous UV spectrum between 200 and 400 nm and the concentrations of the compound chromatographed were determined from the intensity of diffusely reflected light.
RESULTS AND DISCUSSION
Safflower NARI-NH-01, released in 2001, was the first non-spiny hybrid in the world that yields red colored florets. NARI-06 is high oil yielding spineless variety, producing dark-red colored florets. These two non-spiny cultivars analyzed for total sugar, proteins, amino acids, and minerals like K, Ca, Mg, Fe, Na, Mn, Zn, Cu, etc., are reported to be highly nutritive. [16] Sagaramutyalu (APRR3) is a rust resistant spiny safflower variety, yielding yellow colored florets. TSF-1 is a wilt resistant spiny variety yielding red florets which are difficult to collect from fields. [17] These four major cultivars cultivated throughout India are commercially exported and sold as herbal tea by small scale industries. Although few preliminary studies related to nutritive value of safflower were found in the literature, there is no systematic report on the quantitative determinations pertaining to physico-chemical properties and flavonoid content. [16] Quantitative Pharmacognostical Evaluation
Whole safflower petals of all four varieties can be classified as coarse powder as they pass through No. 2000 sieve. A relative report on different physicochemical parameters analyzed on safflower petals are presented in Table 1 . The total ash and water soluble ash yielded by APRR3 was found to be high (171.45 and 103.42 mg/g, respectively) compared to other varieties. The extractive value was assessed by two different methods viz., cold maceration and hot extraction. The spiny variety, APPR3, yielded higher extractive value of 116.25 and 99.38 mg/g through cold maceration and hot extraction method, respectively. Testing of loss on drying indicated the hybrid NARI-NH-01 to possess more moisture, i.e., 77.5 mg/g.
The presence of mucilage, pectin, and hemicelluloses can be recognized through swelling index, which was considerably more (2.83 mL/g) in non-spiny NARI-NH-01 petals. No sizeable difference was shown between spiny and non-spiny varieties toward presence of tannins. While a maximum of 26.25% was found to be present in TSF-1, 19.99% was determined in APRR3. The foaming ability indicating the level of saponin was measured in terms of foaming index and it was found to be less than 100 in all the cases, specifying low level or absence of saponins in safflower petals. This observation was further supported by testing hemolytic activity, a specific test for saponins which cause changes in erythrocyte membrane when mixed with blood suspension, making haemoglobin to diffuse into surrounding medium. The hemolytic activity of a preparation containing saponins was determined by comparing with that of a reference material, saponin R, which has a hemolytic activity of 1000 units/g (Table 1 ). Safflower petal extracts showed no hemolysis up to 3mg mL -1 .
The bitterness value was determined by comparing the threshold bitter concentration of aqueous extract of safflower petals with that of a dilute solution of quinine hydrochloride R. The bitterness value is expressed in unit equivalent to the bitterness of a solution containing 1g of quinine hydrochloride R in 2000 mL and it was found to be 1257 units g -1 . Medicinal plants exhibiting strong bitter taste are therapeutically used as appetizing agent and no general limit has been prescribed by WHO for bitterness value. Spiny petals (APRR3 2200 units/g) were found to be more bitter than the non-spiny variety. On the other hand, more volatile matter was found to be present in non-spiny variety, a maximum of 16% by NARI-06. The amount of volatile oil shown by the same sample was found to be higher (1.4 mL/g) compared to others.
Microscopic Study
The microscopic characters of corolla and style of spiny (APRR3) and non-spiny (NARI-06) safflower flowers were examined and were found to be indistinguishable. The important features are illustrated in Fig. 1 . In the cross-sectional view, the corolla tube appeared circular with five slightly thick ridges. The ridges represented the union of five petal lobes (Fig. 1a) . The cells were slightly rectangular-or square-shaped with thick walls and were 10 μm thick. The ridges of the corolla tube were slightly thicker and consisted of three or four cells. In the median position of the petal and in between two ridges, prominent forked ribbon like outgrowths were seen. The outgrowths were uniseriate and fork into two lobes from the middle part. The cells were transversely rectangular and thick-walled. They were 110-150 μm long and 40 μm thick (Fig. 1c ). In the cross-sectional view, the style exhibited thick-walled, compact parenchymatous ground tissue and two xylem strands arranged radially and alternating with each other (Fig. 1b) . The surface of the style had prominent dense spikes or short projecting outgrowths. The upper part of the style was thick and cylindrical having dense spines all over. The spines were unicellular, unbranched, pointed at the tip, and were 50 μm long (Fig. 1d ).
Determination of Arsenic and Heavy Metals
Arsenic and its derivatives are described to be carcinogenic, mutagenic, and teratogenic in nature. [18] Heavy metals like cadmium, chromium, lead, and mercury in certain quantities, can be carcinogenic, cause adverse reproductive effects, unfavorably impact nutrition, and even displace more biologically useful metals, such as calcium and zinc. [19] Such toxic metals get accumulated in the soil due to the usage of arsenical pesticides, fertilizers, irrigation and oxidation of volatile arsine in air, dust from the burning of fossils fuels, as well as disposal of industrial, municipal, and animal wastes. Hence, quantitative analysis of arsenic and other heavy metals in safflower petals extract is essential. Arsenic and lead were found to be below the detectable level in all four varieties. Trace amounts of mercury were found in all samples, however, it was observed to be within the limit of 0.02 mg/day according to NSF International Drafts Standard. [20] While APRR3 and NARI-NH-01 were detected with no chromium, TSF-1 and NARI-06 showed 0.67 and 0.95 mg of chromium/100 g of extract. Hence, dose limited consumption of TSF-1 and NARI-06 petals is advised considering the safety. With respect to cadmium, although APRR3 (0.3 mg/kg) complied the acceptable limit of WHO standard, other varieties did not ( Table 2) . According to WHO, the maximum permissible limit for cadmium is 
2566
AHIL ET AL. 0.3 mg/kg of dried plant material. [3] Hence, consumption of safflower could cause cadmium toxicity leading to reproductive hazards, cancer, heart disease, zinc-deficiency, etc. [21] Determination of Pesticide Residues
Medicinal plant materials are liable to contain pesticide residues which accumulate from agricultural practices of using pesticide to improve productivity. Pesticide residues in food are found to be a serious cancer hazard according to the existing body of the literature. [22] Tests for the pesticides that have both long and short residual actions were carried out. Capillary GC with ECD and PFPD were used for determining the pesticide residues in safflower extract. The list of organo-chlorines, synthetic pyrethroids, and organo-phosphates tested were given in Table 3 . Results displayed no significant ECD, PFPD-detectable pesticide residues in the tested sample. with colour and antioxidant capacity. [23] HPLC fingerprint analysis of Flos carthami from China for the presence of yellow pigment safflower A had been reported in literature; however, analytical study using HPTLC for flavonoids are not explored. [24] C. tinctorius flowers have been reported as good antioxidants. [25] The free radical scavenging property could be accounted by estimating the amount of flavonoids present in the sample. The presence of three bioactive flavonoids, quercetin, quercetin-3-O-rutinoside, and kaempferol was identified through co-TLC studies between aqueous extracts of different safflower petals and authentic samples. Estimation of flavonoids using HPTLC has been identified as a reliable method as it can provide chromatographic fingerprint which can be visualized and stored as electronic images. [26] HPTLC analytical conditions such as, mobile phase composition, wavelength of detection, scan speed, and scan mode were optimized. Mobile phase consisting of toluene: ethyl acetate: methanol: formic acid ( Table 4 and Fig. 2 . The amount of quercetin-3-O-rutinoside in APRR3, TSF-1, NARI-NH-01, and NARI-06 was found to be 189.7, 87.85, 72.97, and 77.24 ng/ gm of extract, respectively. Significant variation was not observed among the four varieties with respect to quercetin content, which was found to be 116.6, 115.7, 112.36, and 101.6 ng/gm of APRR3, TSF-1, NARI-NH-01, and NARI-06 extracts, respectively. While 185.07 ng/gm of kaempferol was found in spiny APRR3 variety, only 169.69 ng/gm was present in the TSF-1 variety. The spineless NARI-NH-01 and NARI-06 possessed 177.20 and 107.80 ng of kaempferol/ gm of aqueous extract, respectively. Kaempferol was found to be predominantly present in all varieties except APRR3, which has quercetin-3-O-rutinoside as major flavonoid. In a nutshell, the study revealed the presence of higher amount of bioactive flavonoids in spiny safflower petals of the sagaramutyalu (APRR3) variety. The method validated for linearity, specificity, precision (interday and intraday), accuracy, and robustness can be used for the quality control of safflower petals.
HPTLC Analysis of Flavonoids
CONCLUSIONS
Various quantitative determinations on four different Indian cultivars revealed APRR3 variety to be safe for human consumption as herbal tea. The study also highlighted the presence of nonpermissible amount of toxic cadmium in TSF-1, NARI-NH-01, and NARI-06. Further, the HPTLC analysis explored the possession of higher quantity of quercetin-3-O-rutinoside, quercetin, and kaempferol in APRR3. Thus, the observed variation in tested safflower petals mandates the selectivity of specific variety with elaborative safety and quality specifications before taken for internal administration.
